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Abstract 
Background: There is increasing evidence that interoception - the ability to sense, appraise, or 
attend to changes in the physiological and emotional condition of the body – impacts on physical 
and mental wellbeing.  The degree to which psychotherapies, such as mindfulness, target the mind-
body connection and help to promote interoceptive functioning remains unclear.  Aim: To 
systematically examine and quantify available evidence for the effectiveness of Mindfulness-Based 
Interventions (MBIs) on interoceptive ability, and to identify potential moderators of treatment 
effect.  Method: A systematic search of the CINAHL, Embase, PsycINFO, PubMed, and Web of 
Science databases identified 12 randomised controlled trials evaluating interoception pre-post MBI 
for a pooled sample of 771 adults.  Reporting quality was assessed with the Cochrane Risk of Bias 
tool (RoB 2.0), and Hedges’ g effect sizes with 95% confidence intervals, p values and heterogeneity 
statistics calculated using a random effects model.  Results:  MBIs produced moderate to large, 
statistically significant improvements across subjective facets of interoception, particularly self-
regulatory domains, relative to peers who accessed alternate therapies, standard care, or no 
treatment (g range = 0.634 to 1.315).  Between-group differences for objective measures of 
interoceptive accuracy were small and non-significant (gw = 0.126, 95% CI [-0.124, 0.377], p = .324).  
Longer term benefits could not be established (k = 2).  Intervention intensity was identified as a 
significant moderator, indicative of a dose-response relationship.  Conclusion:  MBIs hold promise for 
improving several facets of impaired interoception implicated in the aetiology and maintenance of 
many high-prevalence mental health disorders. 
Keywords:  interoception, mindfulness, psychopathology, mind-body 
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 To increase the effectiveness of therapeutic efforts, and reduce the burden of mental ill-
health, researchers have begun identifying modifiable factors contributing to shared symptoms of 
psychopathology across traditional diagnostic classifications (Caspi et al., 2014).  Interoception, or 
the perception of one’s internal bodily state, represents one such factor of interest, with increasing 
evidence finding impaired functioning is implicated in a range of mental health disorders (Paulus et 
al., 2019).  Despite growing acknowledgement of the role of mind-body practices such as 
Mindfulness-Based Interventions (MBIs) in improving interoception (Gibson, 2019; Farb et al., 2015), 
no studies to date have systematically examined the available evidence base.  
Interoception  
Definition 
Interoception is the sense of the internal condition of the body, giving rise to ‘how one feels’ 
from moment to moment (Craig, 2002).  Mapping both physiological and emotional states, 
interoception is an iterative process of the ‘bottom-up’ perception of bodily signals and the ‘top-
down’ cognitive appraisal of such stimuli, helping to guide responses for the regulation of 
homeostatic and emotional states (Dunn et al., 2010, Critchley et al., 2004; Bechara & Naqvi, 2004).  
Fundamentally, it is a process connecting mind and body.  Believed to develop early in life through 
infant-caregiver interactions (Koch & Pollatos, 2014; Garfinkel et al., 2015) interoception is shaped 
by learned associations, past experiences and expectations (Critchley et al., 2004), though appears 
to be moderated by factors such as age (Khalsa et al., 2009b) and mindfulness-meditation training 
(Bornemann et al., 2014).      
Measurement 
There are various inconsistencies in how interoception is both conceptualised and measured 
(Khalsa et al., 2018).  Principally, interoception has been distinguished along two dissociable 
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dimensions: interoceptive accuracy (IAc) which, through the use of behavioural tests (e.g., counting 
one’s heartbeats), quantifies the precision with which internal bodily signals are detected (Garfinkel 
et al.,2015), and interoceptive awareness (IAw), which is measured by one’s beliefs or appraisal 
about their own interoceptive tendencies (Mehling, 2016).  Weak or non-significant correlations 
between objectively measured IAc and self-reported IAw substantiate their delineation, as does 
research demonstrating that IAw may be associated with an accurate perception of interoceptive 
stimuli, although such accuracy cannot be assumed (Garfinkel et al., 2016; 2019; Cali et al., 2015; 
Khalsa et al., 2008).   
While objective measures of IAc are important to establish individual differences in the 
ability to detect bodily signals, measurement is not without its challenges.  Cardiac-based measures, 
such as heartbeat perception accuracy (HBPa), are almost exclusively used as a generic indicator of 
IAc as they are less invasive than other modalities (e.g., gastric, respiratory; Gibson, 2019).  
Assessment of HBPa typically requires the participant to silently count the number of times they 
perceive their heartbeat during a specified interval, with performance then indexed against actual 
number of measured heartbeats (Schandry, 1981).  While the reliability of these tests has been 
established (Jones, 1994), more recent findings have called in to question the validity of HBPa as a 
proxy for IAc.  Indeed, most individuals appear to demonstrate chance performance (i.e., accuracy 
rates < 40%) when assessed by this measure (Khalsa et al.,2009; Brener & Ring, 2016).  Additionally, 
it has not been established whether interoceptive ability can be generalised across modalities.  That 
is, HBPa may not necessarily reflect accuracy in other sensory domains (Khalsa et al., 2018).  
Beyond measures of objective accuracy, numerous self-reported scales have been 
developed to assess subjective interoceptive abilities (i.e., IAw), most of which reflect earlier 
unidimensional assessments of interoception and have application with distinct populations (e.g., 
primary care; Mehling et al., 2009).  More recently, however, the 32-item Multidimensional 
Assessment of Interoceptive Awareness (MAIA; Mehling et al., 2012) has been developed.  This 
instrument comprises eight scales distinguishing between regulatory and attention-related 
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processes and provides a more nuanced conceptualisation of interoception (refer Table 1).  While 
the MAIA is strengthened by its multidimensional nature, including its distinction between adaptive 
and maladaptive attentional styles toward interoceptive stimuli (e.g., anxiety-related hypervigilance 
toward physical sensations vs. a non-judgemental ‘mindful’ awareness of such stimuli), it is limited 
by its reliance on self-report and the potential biases therein (Stone et al., 2000).   
 
Table 1  
Scales of the Multidimensional Assessment of Interoceptive Awareness (MAIA; Mehling et al., 2012) 
 
Scale Name Description 
Noticing Awareness of comfortable, uncomfortable and neutral body sensations 
Not-Distracting Tendency not to ignore or distract oneself from sensations of pain and 
discomfort 
Not-Worrying Tendency not to worry or experience emotional distress with sensations of 
pain and discomfort 
Attention Regulation Ability to sustain and control attention on body sensations 
Emotional Awareness Awareness of the connection between body sensations and emotional 
states 
Self-Regulation Ability to regulate distress by attention to body sensations 
Body Listening Active listening to the body for insight 
Trusting Experience of one’s body as safe and trustworthy 
 
Dysfunctional Interoception and Psychopathology 
The delineation between IAw and IAc may have value in understanding psychopathology 
(Mehling, 2016).  Indeed, there is evidence that wellbeing depends more on subjectively perceived 
states than on the actual accuracy of such experience (Ferentzi et al., 2019).  It has been suggested 
that IAc below a particular threshold may explain certain disorders (e.g., alexithymia, or the inability 
to recognise or describe one's own emotions, is characterised by poor IAc which could underpin 
deficits in emotional processing; Herbert et al., 2011).  However, when IAc is above threshold, IAw 
may become more relevant to psychopathology (Treves et al., 2019).  An example is panic disorder 
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where individuals typically demonstrate high IAc alongside dysfunctional IAw (e.g., catastrophising 
appraisals; Dunn et al., 2010). 
Interoceptive dysfunction is suggested to operate via a discrepancy between actual sensed 
bodily state and the brain’s expected state, resulting in a ‘prediction error’ requiring a behavioural 
response to re-instate homeostatic equilibrium (Seth, 2013).  Whereas adaptive interoceptive 
functioning relies on successful corrective actions to resolve these prediction errors, persistent error 
signals can also occur due to an inadequate regulatory response.  When this pattern persists over 
time, healthy functioning is compromised and may, ultimately, lead to psychopathology (Duquette, 
2017).   
Consistent with this view, a growing body of evidence suggests that disordered 
interoception plays a key role in the aetiology and maintenance of a range of mental health 
conditions (e.g., eating disorders, anxiety disorders, depression; Caspi et al., 2014; Murphy et al., 
2017).  For example, anxiety and panic disorders have been categorised as an oversensitivity or 
hypervigilance to interoceptive signals along with a negative bias in interpreting such signals, 
triggering symptoms of worry and avoidance often associated with these syndromes (Paulus & Stein, 
2006).  Conversely, depressive disorders are associated with atypically low interoceptive sensitivity, 
whereby individuals are thought to experience emotions less intensely, reducing their ability to use 
interoceptive feedback to guide decision making (Furman et al., 2013; Pollatos et al., 2009).    
Dysfunctional interoception may manifest for different reasons.  Examples include impaired 
quality of attention directed towards interoceptive signals (e.g., hypervigilant or dissociative 
tendencies), biased evaluation of such signals (e.g., catastrophised), distorted physiological 
sensitivity toward such signals (e.g., blunted or heightened in magnitude), and even limited meta-
cognitive insight (i.e. poor confidence-accuracy correspondence; Schulz & Vögele, 2015; Khalsa et al., 
2018).  As such, mere awareness of interoceptive cues does not necessarily translate to adaptive 
functioning.  Rather, how one appraises and then uses such awareness to reduce distress, together, 
are both seen to be critical to wellbeing (Mehling et al., 2012).   
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Disorders characterised by a deficit in a certain interoceptive domain (e.g., hyposensitivity to 
interoceptive stimuli) might especially benefit from the cultivation of that particular component 
(Brewer et al., 2021).  Conversely, indiscriminate use of a therapeutic intervention to target 
interoception is unlikely to be effective, and even detrimental in some cases (e.g., catastrophised in 
the case of some anxiety disorders) unless more adaptive skills for relating to interoceptive stimuli 
are first established (Trevisan et al., 2021).  Indeed, the idea that specific facets of interoception may 
be targeted through treatments aimed at changing bodily signal perception and interpretation is 
receiving increasing interest (Khalsa et al., 2018).   
Mindfulness  
Therapeutic approaches that include contemplative practices, most notably mindfulness- 
based interventions, have shown particular promise in the interoception literature (Farb et al., 2015; 
Weng et al., 2020).  Much like interoception, mindfulness is an umbrella term that is characterised 
by a broad range of practices.  In general, mindfulness is conceptualised as a mental faculty that 
emerges through the intentional paying attention to present-moment experience with an attitude of 
non-judgemental acceptance (Kabat-Zinn, 2003; Bishop et al., 2004).  In order to cultivate this 
attentional style, mindfulness practices typically involve explicit direction of attention toward 
interoceptive sensations as well as the noticing of interoceptive appraisal tendencies (Bishop et al., 
2004).  
Mindfulness-Based Interventions 
Central to their theorised efficacy, MBIs emphasise the suspension of appraisal tendencies 
(i.e., detachment) as a means to decouple habitual reactions, behaviours or thought patterns and, in 
turn, improve interoceptive awareness and self-regulation (Bishop et al., 2004; Carmody et al., 2009; 
Hölzel et al., 2011).  MBIs are thought to moderate interoceptive processing habits by improving 
awareness and understanding of what is happening in the body rather than trying to change bodily 
experience to fit cognitive expectations of what should happen in the body (Farb et al., 2015).  This 
heightened acuity is believed to enable more precise sensory representations, ultimately facilitating 
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a more nuanced, adaptive response that contributes to improved health promoting behaviours 
(Weng et al., 2020).    
Accumulated evidence supports the effectiveness of MBIs, such as Mindfulness Based Stress 
Reduction (MBSR) and Mindfulness Based Cognitive Therapy (MBCT), in improving psychological 
functioning for a broad range of clinical populations.  Specifically, randomised controlled trials (RCTs) 
examining MBIs have shown promising effects, outperforming waitlist controls and performing on 
par or better than other active therapies (e.g., relaxation training), in significantly reducing levels of 
anxiety, stress, chronic pain, and depressive relapse for those most at risk (Teasdale et al., 2000; 
Khoury et al., 2013; Goldberg et al., 2018).  However, despite widespread evidence for the clinical 
efficacy of mindfulness-based methods, the specificity of mechanisms through which such benefits 
accrue is still unclear (Shapiro et al., 2006).   
Mindfulness and Interoceptive Change  
There is some suggestion that mindfulness enhances the ability to effectively process body-
state information.  Specifically, mindfulness training has been associated with increased grey matter 
volume and functional activation in brain regions connected to interoception (e.g., insula and 
anterior cingulate cortex; Tang et al., 2015; Sharp et al., 2018; Hölzel et al., 2011).  Lending further 
support to this conjecture, those experienced in mindfulness demonstrate heightened accuracy 
between subjective and objective measures of interoceptive sensitivity (Fox et al., 2012) along with 
greater coherence between physiological and subjective states (Sze et al, 2010). 
Critically, MBIs ameliorate symptoms of psychopathology characterised by atypical 
interoception (Baer, 2003; Creswell, 2017).  Indeed, it has been proposed that interoceptive 
awareness is one of the ‘mechanisms of action’ of MBIs (Hölzel et al., 2011b).  In particular, the 
cultivation of mindfulness has shown improvement in self-focused attention of a non-reactive 
manner and a reduction in rumination and experiential avoidance - processes relevant to the 
development and maintenance of psychopathology (Baer, 2007). 
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While mindfulness is reported to cultivate greater attention to, and awareness of bodily 
states (Baer, 2003), performance on heartbeat perception tasks is generally not improved.  Cross-
sectional and controlled trials, alike, have found that practicing sustained attentional focus toward 
internal sensations – a core feature of mindfulness programs – does not enhance IAc, including 
under induced conditions of cardiac arousal (Khalsa et al., 2020; Parkin et al., 2013; Fischer et al., 
2017; Melloni, 2013).    
This contrasts with findings from qualitative research wherein mindfulness practitioners 
attribute a heightened perceptual acuity of their bodily states to their mindfulness practice (Hölzel 
et al., 2006; Ekici et al., 2020), and with longitudinal research demonstrating that MBIs increase IAc, 
although the effects are not immediate (i.e., 6 months post-MBI; Bornemann & Singer, 2017).  
However, it is important to note that the latter results were from a non-randomised sample of 
healthy volunteers and, as such, may not be generalisable to clinical populations.   
Regarding subjective measures of IAw, MBIs have produced noticeable changes across 
several domains.  In another study of healthy participants, substantial improvements in the Self-
Regulation and Attention Regulation dimensions of the MAIA were observed after three months of 
mindfulness training (Bornemann et al., 2015).  The suggestion is that mindfulness can help to 
strengthen one’s ability to direct attention inwardly to gain insight, and then use that knowledge to 
self-regulate.  However, no significant changes for the ‘Noticing’ dimension of the scale; a measure 
which most closely aligns with IAc, have been noted (e.g., Mehling, 2016).     
Collectively, the aforementioned findings highlight differential effects for MBIs across the 
various aspects of interoceptive functioning.  It therefore remains unclear whether mindfulness 
strengthens the ability to accurately perceive, interpret, and/or adaptively respond to bodily signals.  
It is plausible that MBIs may only affect certain dimensions of interoceptive ability.   
Factors Contributing to MBI Effectiveness 
Consideration should also be given to intervention-related factors that may maximise the 
impact of mindfulness training for interoceptive awareness and processing.  A key concern is the 
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maintenance of benefits over time.  Across many types of treatments, including MBIs, observed 
effects are typically larger immediately post-intervention than at follow-up (Morone et al., 2016; 
Kearney et al., 2013; Creswell et al., 2017).  Yet, in some cases treatment-related gains have been 
maintained for up to five years, supporting the temporal durability of mindfulness as a clinical 
intervention (Munshi et al., 2013; Reibel et al., 2001).  Such growth is thought to be indicative of 
participants integrating mindfulness tools into their everyday life (Bishop et al., 2004).  Whether 
meaningful improvements in measures of interoception can be sustained post-intervention, or if 
regular training is required, remains unknown.  Such knowledge would highlight potential limitations 
of treatment effects and, potentially, the need for regular, ongoing management.   
A further factor is the dose-dependent treatment effect, or the likelihood of increased 
intensity and duration of mindfulness instruction leading to greater treatment effects.  In the case of 
MBIs, MBSR and MBCT have strong empirical support for their effectiveness.  Notably, both were 
developed as eight-week intensive programs involving weekly two-hour sessions followed by a full 
day retreat in order to embed skills into everyday life (Kabat-Zinn,1990; Segal et al., 2000).  Program 
intensity and duration may therefore be an important determinant of their efficacy.  However, more 
recent MBIs have modified their programs to suit populations for whom standard time 
commitments pose a barrier to participation (e.g., chronic pain patients; Carmody & Baer, 2009).  
Brief MBIs, ranging from single session to multi-session programs lasting two weeks or less, have 
demonstrated improved mental health outcomes, albeit with small effects (g = 0.21; Schumer et al., 
2018), while programs of longer durations have shown moderate to large and positive impacts 
(Carmody & Baer, 2008; Shapiro et al., 2008; Khoury et al., 2013).  By contrast, Carmody and Baer 
(2009) found no evidence for a link between in-class hours and psychological outcomes, suggesting 
reduced treatment dose may not necessarily compromise outcomes.   
Current Study  
In sum, dysfunctional interoception is thought to play a key role in the aetiology and 
maintenance of a broad range of psychiatric conditions (Brewer et al., 2021; Hölzel et al., 2011; 
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Paulus et al., 2019).  Similarly, accumulated evidence supports the trans-therapeutic effectiveness of 
MBIs across a variety of populations (Greeson et al., 2014).  To date, however, evidence for the 
effectiveness of MBI on measures of interoception remains unclear.  Whether treatment effects are 
sustained over time or if dose-response relationships exist also remains to be determined.  
The current study systematically reviews and consolidates the available evidence base for 
mindfulness interventions on both subjective and objective measures of interoception.  To our 
knowledge, this is the first meta-analysis to do so and therefore provides much needed clarity within 
this burgeoning field.  The specific aims were to: 
1. quantify and evaluate available evidence for the effectiveness of MBIs on interoceptive 
ability, as applied to adults across a spectrum of clinical, sub-clinical and healthy populations 
2. identify potential moderators of treatment effect, distinguishing between facets of 
interoceptive change post MBI. 
3. evaluate whether noted improvements (if any) are sustained once mindfulness interventions 
have ceased. 
4. determine whether a dose-response relationship exists between mindfulness intensity and 
interoceptive change 
In addressing these aims, the combined findings of this review may guide the development of 
targeted interventions to treat interoceptive deficits and, in turn, mitigate psychopathology. 
  




The CINAHL, EMBASE, PsycINFO, PubMed (MEDLINE) and Web of Science databases were 
searched up until 19 March 2021.  Eligible studies examining interoceptive outcomes in mindfulness 
interventions were identified using a comprehensive list of terms, synonyms and proximity 
operators developed in consultation with a senior research librarian and adjusted for each database 
interface (refer Appendix A).  A manual search of the reference lists of included studies and relevant 
narrative reviews (Farb et al., 2015; Khalsa et al., 2018; Gibson, 2019; Mehling et al., 2016) was also 
performed, along with citation searching in Scopus.  This process identified one additional paper 
(Gawande et al., 2018).   
Study Criteria and Screening 
In addition to being peer-reviewed articles published in the English language, or with English 
translation, studies had to the following eligibility criteria, organised according to the Population 
Intervention Comparison Outcome Study design (PICO-S) framework (Agoritsas et al., 2012). 
Population 
Studies that recruited adult participants (>17 years), consistent with a phased transition 
model from adolescent to adult care for health services, were eligible (Government of South 
Australia, 2020; Signorini et al., 2018; 2014; Singh et al., 2008).   
Intervention 
Studies had to evaluate a mindfulness-based intervention (MBI), operationalised as 
‘mindfulness’, ‘mindfulness skills’, ‘mindfulness training’, or ‘mindful attention’ within the 
description of the primary intervention.  This included programs that emphasised formal meditation 
practices, such as MBSR and MBCT, as well as programs involving brief mindfulness-based body-scan 
exercises.  Interventions that incorporated an attitudinal stance of mindfulness as a sub-component 
of a wider program (i.e., Dialectical Behaviour Therapy, Compassion-Focused Therapy, movement-
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based practices such as yoga and tai-chi) were excluded.  To maximise fidelity of outcome, only 
those interventions delivered in-person by a qualified practitioner (e.g., psychologist, psychiatrist, 
nurse) were considered.  Self-management programs or those delivered exclusively via 
telecommunication technology with no face-to-face contact (e.g., smartphone applications) were 
ineligible (Moncher & Prinz, 1991). 
Control or Comparison 
To mitigate against extraneous biases nonspecific to the intervention, such as group 
membership or general time effects (Lindquivist et al., 2007; Brigham et al., 2009), only those studies 
comparing MBI to an inactive control condition (e.g., waitlist), usual care (e.g., pharmacotherapy), or 
active comparison treatment (e.g., relaxation course without a mindfulness-based component) were 
eligible.   
Outcomes 
Studies needed to include a validated measure of interoception with available psychometric 
data, whether administered by a clinician or via self-report.  Interoception was operationalised as 
the inner sense of the body’s physiological condition (e.g., heartbeat, respiration, satiety) and 
autonomic nervous system sensations relating to emotions (Craig, 2002; Garfinkel & Critchley, 2013; 
Farb et al., 2015).  This included four measurement types (see Table 2).  Studies which measured the 
effectiveness of MBIs on body awareness or somatic awareness more generally (i.e., the sense of 
position and movement of the body; Craig, 2002) were excluded.   
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Table 2:  
Operationalisation of Interoceptive Terms 
Construct Definition Measurement 
Accuracy Objective measure of the precision with which 
interoceptive sensations are detected 
Heart-beat detection task 
(Schandry, 1981) 
Sensibility Subjective measure of confidence in interoceptive 
accuracy performance  
Self-reported confidence 
judgements (e.g., Likert scale) 
Coherence Correspondence between interoceptive accuracy and 
interoceptive sensibility  
Within-participant correlation (r) 
between sensibility and accuracy 
scores 
Awareness An individual’s personal account of their awareness of 
interoceptive sensations and how they are experienced 
(i.e., includes attention and appraisal tendencies, 
attitudes, thoughts and emotions) 
Self-report questionnaire (MAIA; 
Mehling et al., 2012)  
 
Study Design 
To moderate selection bias and discern the true effects of MBIs, participants needed to be 
randomly assigned to a control or intervention condition (Doll, 1998; Schulz et al.,1995).  In addition, 
studies had to employ a repeated measures design with interoception measured at baseline, 
immediately post-intervention and (if possible) at follow-up.  Studies also had to provide parametric 
data to calculate Hedges’ g effect sizes (e.g., means, standard deviations, one-way ANOVA).  Where 
subscale MAIA data were not reported, corresponding authors were contacted, with follow-up 
emails issued after three weeks.  Three of six authors responded.  For the remaining three studies 
total or sum-score data were still available to calculate pre- and post-treatment effects (Duncan et 
al., 2017; Gawande et al., 2018; Price et al., 2020).  Given the focus of this paper was on the 
calculation and comparison of effect size data from primary studies, qualitative data and review 
papers were excluded.  
Study Selection 
Screening was conducted by the student researcher (N.M.) using Covidence systematic 
review software (Veritas Health Innovation).  To ensure reliability of the screening process, a random 
subsample of full-text records (n = 35, 10%) was independently examined by a postgraduate 
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psychology student.  Inter-rater reliability was high with reviewers agreeing in all but one case, 
which was then resolved  through consensus discussion (Viera & Garrett, 2005)   
Data Extraction and Organisation 
In accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis 
guidelines (PRISMA; Page et al., 2021), key data were retrieved from each study using a pre-piloted 
Microsoft Excel spreadsheet.  These data included: 1) study characteristics (e.g., sample size, 
country, interoceptive measure); 2) sample demographics (e.g., age, gender, health comorbidities, 
recruitment source); 3) intervention characteristics (e.g., MBI format, session duration and 
frequency, home practise requirements); and 4) parametric data to calculate Hedges’ g (i.e., group 
pre-and post-treatment means, standard deviations, sample sizes).  No data conversion was 
required, with all studies providing requisite effect size information.  
Risk of Bias Assessment 
Methodological bias was assessed for each study using the revised Cochrane Collaboration 
Risk of Bias 2 tool (RoB 2; Sterne et al., 2019).  The RoB 2 tool measures five sources of 
methodological bias common to RCTs: issues with the randomisation process (i.e., resulting in 
baseline imbalances between groups on prognostic or socio-demographic variables), deviations from 
intended interventions (i.e., poor adherence to protocols), missing outcome data (often due to study 
attrition), purposely designed or invalid outcome measures, and selective reporting of results (i.e., 
exclusion of non-significant findings; Higgins et al., 2021).  Studies were assessed as having “low”, 
“high”, or “some concerns” against each domain based on answers to signalling questions (see 
Appendix B).  In addition to rating each study against each domain, studies received an overall risk of 
bias score.  A “low” rating was achieved when a study was considered to have a relatively low risk of 
bias across all domains, an overall rating of “some concerns” was applied if a study was judged to 
have some concerns in at least one domain, whilst “high risk” reflected a high rating on any domain.    
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Data Synthesis  
Raw data were entered into Comprehensive Meta-Analysis Version 3.3.070 (CMA; 
Borenstein et al., 2013) for analysis.  Owing to its correction for small sample bias (Rosenthal, 1991), 
Hedges’ g was the most appropriate effect size estimate.  For each g, 95% confidence intervals (95% 
CI) and p values were calculated to assess precision and statistical significance, respectively.  For 
studies with a repeated-measure design, a pre-post correlation is required to calculate g.  Given this 
statistic was not reported by included studies, an estimate of r = 0.7 was applied; considered 
conservative for studies with a repeated-measures design (Estrada et al., 2019; Rosenthal, 1993).  
Effect estimates were calculated in two stages.  First, short–term (i.e., baseline to 
immediately post-MBI) and sustained effects (i.e., immediately post MBI to follow-up) were 
calculated.  Second, individual effect sizes were grouped by the interoceptive construct they 
represented (i.e., awareness, accuracy, sensibility and coherence).  Prior to pooling, each g was 
weighted by that study’s inverse variance (gw).  A random effects model was used for this analysis - 
on the basis that selected studies were not identical in design nor did they target a similar 
population (Borenstein et al., 2010).  In cases where a study contributed more than one effect 
estimate (e.g., active and inactive control/comparison groups), individual gs were averaged before 
being pooled to ensure data independence (Cohen, 1988).  
Effect sizes were interpreted with reference to Cohen’s (1992) guidelines, whereby values of 
0.2, 0.5 and ≥.8 reflect small, medium and large to very large effects, respectively.  For ease of data 
interpretation, the direction of g was standardised such that positive values indicated improved 
interoception following mindfulness, relative to controls. 
The degree of heterogeneity between studies was assessed by calculating Tau (τ); or the 
standard deviation of the mean effect, and I2; the proportion of variation observed in the true effect 
(that is, the ratio of true heterogeneity relative to total variance; Borenstein et al., 2009).  Higher I2 
values reflect greater levels of between-study variance (Higgins et al., 2003).   
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Publication Bias 
Selective publication of statistically significant results is a key methodological concern of 
meta-analyses, potentially over-stating conclusions drawn from published research and undermining 
the validity of results (Rothstein et al., 2006).  As an indication of robustness against publication bias, 
a funnel plot analysis of all included studies was conducted.  A funnel plot graphs the distribution of 
effect sizes (x-axis) against standard error (y-axis).  As large samples provide more accurate 
estimates of the ‘true’ effect than do smaller samples, a symmetrical ‘reversed funnel’ distribution is 
expected to emerge (Egger et al., 1997).  Deviations from that pattern are indicative of irregularities 
and biases, including publication bias, whereby smaller studies with low effect sizes may be under-
represented.  This assumption was statistically tested using the trim-and-fill method, an iterative 
algorithm which imputes the number of hypothetical studies required to correct for any asymmetry 
(Duval & Tweedie, 2000) 
For each subsequent meta-analysis involving three or more studies, Orwin’s fail-safe N (Nfs; 
Orwin, 1983) was calculated.  Nfs signifies the number of hypothetical studies required to reduce the 
overall effect size to a meaningless, non-significant level (i.e., < 0.2; Orwin, 1983).   For the mean-
effect reported to be validly regarded as robust against publication bias, the Nfs value needed to 
exceed the total number of studies (k) in this meta-analysis. 
Sensitivity and Moderator Analysis 
 Statistical outliers were identified using a one-study removed sensitivity analysis.  This 
involved re-running each meta-analysis with all included studies and then removing one study at a 
time, to observe whether this changed the magnitude of the overall effect size or level of 
significance (Borenstein et al., 2009).   
To gauge the potential effect of intervention intensity on interoceptive outcomes (i.e., a 
quasi dose-response analysis), a univariate meta-regression was performed using a random effects 
model.  ‘Intensity’ was operationalised as a continuous variable (i.e., treatment time x number of 
sessions per week x intervention duration in weeks).  Both Q model and Q residual statistics were 
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considered, which indicate variability associated with the regression model and variability 
unaccounted for by the model, respectively (Borenstein et al., 2010).   
A post-hoc analysis was considered to test whether the type of control condition (i.e., no 
treatment vs. treatment as usual vs. active treatment) moderated the observed effect sizes, 
however there were insufficient studies per sub-group (i.e., < 4 studies) to warrant this analysis (Fu 
et al., 2010).  Moreover, studies employing an inactive control typically employed a body scan 
intervention delivered at low intensity (i.e., < 30 minutes).  Given this, a subgroup analysis would not 
be able to meaningfully distinguish whether resultant effects were associated with intensity, or 








A total of 2,317 studies were identified from the search process, with 744 duplicates 
automatically filtered by Covidence (refer Figure 1).  Each title and abstract (n = 1,573) were 
screened, following which 358 full texts were re-screened against the eligibility criteria.  In sum, 12 
independent studies (k) met all eligibility criteria.  Two studies reported separate data points (i.e. 
post-intervention and follow-up effects) for the same sample (Price et al., 2019; Price et al., 2019b).  
These studies were considered as one for the purpose of this review. 
Figure 1.  
Flow Diagram Outlining Study Selection Process (adapted from PRISMA; Page et al., 2021) 
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Study Characteristics 
Commensurate with recent interest in the concept of interoception, included studies were 
all published within the last decade and originated from two high income countries: the United 
States (k = 10) and Germany (k = 2; refer Table 2).  Most (k = 8) examined self-reported interoceptive 
awareness using the MAIA (Mehling et al., 2012), with the remainder (k = 4) focusing on 
interoceptive accuracy using an objective heartbeat perception test (Schandry, 1981).  Less 
commonly, interoceptive sensibility was reported (k = 3) as was the correspondence between 
sensibility and accuracy scores (i.e., interoceptive coherence;  k = 1).    
Six full scale RCTs targeted efficacy of MBI, with the remaining six studies described as pilot 
or ‘stage 1’ trials to examine intervention feasibility.  Accordingly, sample sizes varied considerably 
(range: 10 – 187; M = 64.2; SD = 49.6), with four studies having sufficient power to reliably detect a 
moderate between-group difference (n ≥ 35 per group; Cohen, 1992). 
Sample Characteristics 
The pooled sample comprised 771, mostly (74%) female adults with an average age of 37 
years (SD = 7.84, range 17 to 76).  Of those studies reporting race (k = 8), most participants identified 
as Caucasian (72%).  Further sociodemographic details were either not reported (k =2) or reported 
inconsistently (e.g., years of education vs. educational attainment; percent in paid employment vs. 
family income bracket; k = 8).   
A wide spectrum of clinical populations (e.g., Major depressive disorder, Post-traumatic 
stress disorder, Substance use disorder; k = 6; 61.2%), primarily recruited by way of clinician referrals 
(k = 5; n = 260), were represented.  Sub-clinical and healthy participants accounted for 10.5% and 
28.3% of the pooled sample, respectively, and were either respondents to public advertisements or 
research volunteers.    
 
MINDFULNESS AND INTEROCEPTION   28 
Table 2 
Study and Sample Characteristics 
 
Mean (SD) Range Clinical Status Recruitment
Aaron (2020) USA Pilot RCT IAc; IS HBT 76
[38,38]












MBCT + TAU TAU (medical prof. + 
pharmacotherapy)
Duncan (2017) USA Pilot RCT IAw MAIA 30
[15:15]
[-] [-] 100% 59% Fear of labour-related 
pain
Provider referals + 
respondents to ads
Mind in Labour 
(adapted MBSR)
TAU (childbirth course) 




[-] 40% [-] Current MDD diagnosis Respondents to ads Mindfulness training 
(adapted MBCT)
Active (relaxation training)




[-] 65% 77% Primary care patients 
with DSM-V diagnosis








24 - 69 19% 40% PTSD (DSM-IV) Unknown Integrated Exercise 
with MBSR
Inactive WLC




17 - 44 74% [-] Healthy University student 
volunteers
MBBS NTC (video)




18 - 65 60% [-] Healthy Medical research 
volunteer panel
MBBS Active (external meditation) 




[-] 72% [-] Healthy Medical research 
volunteer panel
MBBS 1. Active (external  medit'n)
2. Inactive re-test 
Price (2019) USA RCT IAw MAIA 187
[74,46,67]
35* 22 - 61 100% 75% Outpatients, Substance 
Use Disorder
Respondants to ads TAU + MABT 1.  TAU + health education
2.  TAU (meds. & psychoed.)
Price (2020) USA Pilot RCT IAw MAIA 10
[5,5]
46.6 (12) 30 - 61 30% 60% Opiod Use Disorder Primary care referals TAU + MABT TAU (medication & psychoed.)




29 - 76 100% 96% Overweight/obese 
breast-cancer survivors
Oncologist referals Exercise/Nutrition 
counselling + 
Mindfulness
TAU (exercise + nutrition 
counselling)
interoceptive awareness; HBT = Heartbeat tracking task (Schandry, 1981); [-] = not reported; NTC = no treatment control; TAU = treatment as usual; WLC = waitlist control; MBCT = mindfulness based cognitive training; 
MBSR = mindfulness based stress reduction; MABT = mindful awareness in body-oriented therapy; MBBS = mindfulness based body scan; * Median
Participant characteristics
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Intervention Characteristics 
Eight different interventions were evaluated across the twelve RCTs (refer Table 3).  In 
keeping with the core philosophy of MBI, all studies emphasised the practice of mindfulness (i.e., 
purposefully directing attention to present moment experience, non-judgementally), although 
differed in their attentional focus.  This included Mindfulness-Based Body Scan (MBBS) and Mindful 
Awareness in Body-oriented Therapy (MABT) interventions that directed present-state awareness to 
felt bodily sensation (k = 6).  The remaining six studies extended this focus to include meta-cognitive 
awareness of cognitions and emotions as they arose – the ultimate aim being the amelioration of 
mental health symptoms (e.g., depression, anxiety, PTSD; k = 3) and/or management of health and 
illness behaviours (e.g., obesity, pain; k = 3).   Aside from MBBS, all interventions included a 
psychoeducational component tailored to their target population, with MBCT and MBSR programs 
adding a formal meditation and mindful-movement practice (i.e., yoga poses).  Mehling et al. (2017) 
combined an integrated exercise program into their movement practice, extending MBSR principles 
to this training.  Only Price et al., (2019, 2020) examined MABT.  This manualised approach involved 
therapist touch to direct participant’s attention to specific areas in the body as a method of 
accessing interoceptive awareness, thus placing greater emphasis on ‘bottom-up’ processing (i.e., 
toward bodily sensory experience as opposed to conscious mental activity; Price & Hooven, 2018).   
MBIs varied in their delivery, format and intensity, although were typically delivered by 
certified clinicians or therapists with extensive mindfulness training.  This included individual (k = 3) 
and group formats (k = 5).  The remaining studies involved audio-recorded, guided body-scan 
meditations delivered in a lab setting (k = 4).  For eight studies, in-session learning was 
supplemented with home practice to reinforce and embed mindfulness skills in daily life. 
Excluding Thomas et al., (2019) where the participant drop-out rate was 41% (25% occurring 
prior to trial commencement), attrition rates were generally low (M = 11%, SD = .11; see Figures 2 
and 3).  This low rate likely reflected the brief interventions typically examined in this review, 
including single sessions of 30 minutes or less (k = 4).  In particular, Duncan et al’s (2017) 
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compressed MBSR program of three sessions, totalling 18 hours over a single weekend, had no 
dropouts.  Studies that recruited healthy participants also reported low dropout rates (k = 4).  Where 
reasons for withdrawal were reported, scheduling and logistical challenges were most commonly 
cited (k = 4). 
Intervention engagement (i.e., the average rate of program completion for those who 
commenced treatment) was generally high (M = 90%, SD = .11, range 70 - 90%; k = 9), indicating 
good acceptability.  Highest engagement rates were likewise associated with less intensive programs 
and studies involving healthy participants.  A single study reported adverse effects associated with 
MBI: one participant experienced a flashback while another reported feelings of anxiousness during 
meditation (Gawande et al., 2018).  In both instances those affected continued their participation 
within the program. 
 
Control Conditions 
Studies typically compared MBIs to treatment as usual (TAU), involving evidence-based 
therapies such as pharmacotherapy, psychoeducation and counselling (k = 5).  While these studies 
did not account for non-specific therapeutic effects within their experimental design (e.g., amount of 
treatment contact, degree of support), they provided superior control for expectancy effects 
compared to those employing inactive (i.e., waitlist, re-test; k = 3) or attention controls (i.e., video- 
or audio-based material; k = 2).  Three studies compared MBIs to active controls (i.e., relaxation
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Table 3
Intervention characteristics
MBI Format Mode (delivered by) Sessions / Duration Home Practice
Aaron (2020) MBBS Individual (lab-based audio recording) 10 mins, once [-] 7% e
q
100% No
deJong (2016) MBCT Group based (clinical social worker; 
psychologist) 






Duncan (2017) Mind in Labour 
(adapted MBSR)
Group based (mindfulness teacher; 
certified nurse midwife)




Fissler (2016) Mindfulness training 
(adapted MBCT)




Gawande (2018) MTPC (adapted 
MBSR & MBCT)
Group based (psychologists, 
psychiatrists, social-workers)
2hrs weekly over 8 weeks+ 
full day retreat




Mehling (2018) Integrated Exercise 
with MBSR
Group based (qualified instructors) 3 x 50 mins over 12 weeks [-] - - - No
Meyerholz (2019) MBBS Individual (lab-based audio recording) 20 mins, once [-] 0% n
/
100% No
Parkin (2014a) MBBS Individual (lab-based audio recording) 15 mins, once 15 mins daily 0% n
/
100% No
Parkin (2014b) MBBS Individual (lab-based audio recording) 15 mins, twice (1 week apart) 15 mins daily 0% n
/
100% No





36% (≤ 5 sessions)
64% (6-8 sessions)
6,12 months






Thomas (2019) MORE Group based (clinical social worker) 1.5 hrs weekly over 10 weeks 15 mins daily 41% l
o
82% No
MABT = mindful awareness in body-oriented therapy; MORE = mindfulness-oriented recovery enhancemenet;  [-] = no home practice requirement; '-' = not reported
Intervention characteristics
Note: MBBS = midfulness based body scan; MBCT = mindfulness based cognitive training; MBSR = mindfulness based stress reduction; MTPC = mindfulness training for primary care; 
Lead Author
 (date)
Attrition Adherence Follow-up 
MINDFULNESS AND INTEROCEPTION   32 
training, external-focussed meditation) wherein treatment format, delivery, and credibility were 
comparable between the two experimental conditions, therefore allowing researchers to draw 
stronger causal inferences (Mohr et al., 2009).  Gawande et al., (2018) was the only study to use a 
low-dose comparator in the form of a 60-minute introductory mindfulness course coupled with 
informational resources, available online or through local third-party providers.  Importantly, both 
control and intervention groups were attention-matched in terms of participant-outreach 
engagement calls aimed at encouraging practice, minimising attrition, and maximising survey 
completion (Gawande et al., 2018).   
Risk of Bias in Studies 
Most studies (67%) were characterised by some methodological concerns (refer to Figures 4 
and Appendix C for between and within group scores, respectively).   Three studies did not specify 
whether the allocation sequence was concealed from participants or investigators (domain 1).  
However, the absence of significant baseline differences between the intervention and control 
groups suggests the randomisation procedure was adequate.  Fidelity of intervention delivery was 
audited and verified through established protocols in five studies (e.g., use of session-specific 
checklists or standardised treatment manuals; domain 2).  Missing outcome data was appropriately 
managed using either intent-to-treat (ITT) or modified forms thereof, whilst reasons for participant 
drop-out (where detailed) were not ascribed to the trial itself (domain 3).  Not unexpectedly, the 
reliance on self-reported data increased the risk of response biases (domain 4), however there was 
no evidence to suggest that outcomes were influenced by knowledge of the intervention received 
(Podsakoff et al., 2003; Munder & Barth, 2018).  While studies did not typically report an a-priori 
analysis plan, there was no indication that reported outcomes were selected from multiple eligible 
outcomes.  That is, a single standardised measure was applied, and reported results compared 
unadjusted pre/post scores (domain 5). 
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Figure 4 
Proportion of Included Studies Meeting Each Criterion of the RoB 2 Tool for RCTs 
 
Short-Term Effects 
Individual and pooled effect size data for each study are listed in Table 4.  Six studies 
produced significant and moderate to very large group differences, resulting in a pooled and 
weighted effect that was medium to large: participants reported improved interoception 
immediately post-mindfulness, compared to peers who accessed alternate therapies, standard care, 
or no treatment.  An effect size of this magnitude translates to approximately 73% of the scores 
from the control group falling below the mean of the intervention group (Cohen, 1988).  The pooled 
effect estimate was robust (i.e., Nfs > Nstudies) with 26 hypothetically missing studies required to be 
added to the analysis before the cumulative effect would be considered trivial (i.e., g < 0.2).  The 
validity of these findings was confirmed by funnel plot analysis, with Duval and Tweedie’s (2000) 
trim and fill method revealing one imputed study - the addition of which did not significantly change 
the magnitude of the overall effect (i.e., gw reduced from 0.617 to 0.585; Figure 5).    
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Table 4 





Funnel Plot of Standard Error by Hedges’ g   
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accuracy, as measured by the Schandry heartbeat counting task (Aaron et al., 2020; Meyerholz et al., 
2019; Parkin et al., 2014a and Parkin et al.,2014b).  Conversely, the eight MAIA studies had moderate 
to large effects - although two studies included wide CIs, possibly reflecting their small and under-
powered samples (deJong et al., 2016; Mehling et al., 2018).  
Longer-Term Effects 
Two studies provided sufficient data to examine sustained effects of MBIs, based on total 
scores of the MAIA (Table 5).  The pooled effect estimate was negative, indicating a trend for 
reduced interoception skills over time.  Individual study results were, however, mixed (I2 = 80%, 
τ = .36).  Specifically, improvements reported by primary-care patients receiving MBI were 
comparable at 6 months to peers who received a low-dose comparison (Gawande et al., 2018).  In 
comparison, those who received as-usual treatment for substance abuse disorder improved over the 
intervening period (i.e., 6 to 12 months post-intervention), whereas their MABT counterparts did not 
(Price et al., 2019).  However, no firm conclusions can be drawn in lieu of the small number of 
studies contributing to these findings (k = 2). 
Table 5 
Longer Term Standardised Mean Group Differences (Hedges’ g) on Interoceptive Awareness 
 
Effect Sizes Grouped by Interoceptive Construct  
Studies were grouped by interoceptive construct to explore the differential effects of each 
measure and/or MAIA subscale (see Table 6, below, and Appendix D for individual study results).  
MBIs had a moderate to large impact on interoceptive awareness for six of the eight MAIA sub-
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scales: self-regulation, body listening, attention regulation, trusting, emotional awareness, noticing.  
Conversely, group mean differences were either small or non-significant and trivial for accuracy, 
sensibility and coherence scores, although these latter results were susceptible to publication bias 
(Nfs ≤ 2). 
Table 6 
Pre-Post Standardised Mean Group Differences (Hedges’ g) by Construct, with Forest Plot 
 
Self-Regulation  
 The largest improvements were noted for the MAIA self-regulation sub-scale.  All studies 
(k = 5) revealed significant and large group differences (i.e. g > 0.6; p < .01), resulting in low 
heterogeneity.  That is, mindfulness participants reported noticeable improvements in their ability to 
use interoceptive insight to regulate distress relative to waitlisted peers, those receiving usual care 
(i.e., psychotherapy, pharmacotherapy, exercise and nutrition counselling) or comparative 
treatments (i.e. relaxation training).  
Body Listening  
Four studies evaluated the impact of MBIs on participants’ abilities to listen to, and gain 
insight from, their emotional and motivational states, with all reporting significant and very large 
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effects in favour of mindfulness (Thomas et al., 2019; Price et al., 2019; Fissler et al., 2016; Mehling 
et al., 2017).  Whilst this finding was unlikely to be characterised by publication bias (Nfs > k), 
individual study results exhibited wide confidence intervals, suggesting some imprecision in these 
estimates.   
Attention Regulation 
Of the five studies measuring the attention-regulation facet of interoception, three reported 
significant and very large improvements translating to a pooled effect that was robust: MBIs 
improved the ability to sustain and control attention towards bodily sensations (Fissler et al., 2016; 
Price et al., 2019; Thomas et al., 2019).  Between-study variance was evident (I2 > 50%; τ = .34).  
Principally, individuals experiencing chronic pain and comorbid depression revealed lower scores, on 
average, following MBCT compared to peers receiving usual medical or pharmacological treatment 
(g = 0.084, 95%CI [-0.663, 0.831],p = .825; deJong et al., 2016).  Notably, the removal of this study 
reduced the overall heterogeneity (I2 = 9.9%; τ = .10). 
Trusting 
Four studies examined the impact of MBIs using the MAIA trusting subscale (i.e., the degree 
to which inner sensations are considered trustworthy).  Three reported large improvements 
(g > 0.70; p < .01,Fissler et al., 2016; Price et al., 2019; Thomas et al., 2019).  In comparison, 
participants enrolled in an integrated MBSR program for the treatment of PTSD reported small, 
albeit non-significant gains immediately post-intervention (g = 0.219, 95% CI [-0.430, 0.869], p > .5; 
Mehling et al., 2018). 
Emotional Awareness 
Of the five studies targeting emotional awareness, three revealed improvements which 
translated to a large effect, notwithstanding the non-significant small to moderate between-group 
differences noted by deJong et al., (2016) and Fissler et al., (2016) for their chronic pain (g = 0.511, 
95% CI [-0.248, 1.271],  p = .187) and major depressive disorder samples (g = 0.313, 95% CI = [-0.141, 
0.766], p = .177), respectively. 
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Noticing 
The subjective ability to perceive inner sensations was targeted by five studies, with mixed 
results.  Large improvements were reported for participants completing Mindfulness Oriented 
Recovery Enhancement (g = 1.308, 95% CI [0.711, 1.906], p = .000; Thomas et al., 2019) or MABT (g = 
0.855, 95% CI [0.549, 1.161], p = .000; Price et al., 2019) relative to those receiving usual care (i.e., 
exercise, nutrition counselling and/or pharmacotherapy).   
The effects associated with MBCT were comparable to usual care for the management of 
chronic pain (g = 0.129, 95% CI [-0.618, 0.877], p = .734; deJong et al., 2016).  Small group 
differences were also found for MBSR versus integrated exercise (g = 0.337, 95% CI [-0.315, 0.990], 
p = .311; Mehling et al., 2017) and MBCT relative to waitlisted peers or those receiving relaxation 
training (g = 0.364, 95% CI [-0.091, 0.819], p = .117; Fissler et al., 2016).  
Not Distracting and Not Worrying 
Five studies evaluated the not-distracting dimension of interoception, a measure of bodily 
connection.  Small and non-significant (or comparable) effects were reported (k = 4), as well as a 
large (albeit imprecise) effect estimate associated with MBCT (i.e., g = 0.816, 95% CI [0.037, 1.595], 
p = .040; deJong et al., 2016).  A similar pattern of results was noted by three of the four studies that 
examined the not-worrying subscale: MBI participants reported a similar degree of improvement to 
controls.  Price (2019) was the exception, revealing greater improvements above and beyond that 
reported by peers who received usual-care for substance-use-disorder (g = 0.314, 95% CI [0.028, 
0.600], p = .032).  Further research is required to confirm these findings (Nfs ≤ 2).  
Interoceptive Accuracy, Sensibility and Coherence 
 Four studies measured the impact of MBIs on objective IAc, with all reporting non-significant 
findings: participants’ precision in detecting interoceptive signals (i.e., heart-beat counts) did not 
improve post-MBI (Aaron et al., 2020; Parkin et al., 2014a, Parkin et al., 2014b; Meyerholz et al., 
2019).  The pooled effect for interoceptive sensibility was also small, although characterised by 
significant within-study variation (i.e., wide CIs).  The two studies that examined interoceptive 
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coherence also reported small and non-significant group differences (Parkin et al., 2014a, Parkin et 
al., 2014b).  The likelihood of publication bias was high across each of the aforementioned domains 
(Nfs ≤ 2). 
Sensitivity Analysis and Meta-Regression 
A ‘one study removed’ sensitivity analysis revealed no statistical outliers: the combined 
effect across the 12 studies increased from 0.549 to 0.671 and remained significant (p < .01).  A 
random-effects univariate meta-regression, with intervention intensity as the predictor variable was, 
however, significant (refer Figure 6 ).  Intervention intensity explained 85% of the inter-study 
variance in observed pooled effects (Qmodel = 10.2, df = 1, p = .001, k = 12).  That is, more intensive 
MBI programs led to increased interoceptive ability, regardless of the measure used (Qresidual = 11.91, 
df = 10, p = .29, I2 = 16%, τ = .12).  It is recognised this estimate may be imprecise given the few 
studies in this meta-analysis (Thompson & Higgins, 2002).  
Figure 6 
Univariate Meta-Regression Scatterplot: Regression of Hedges’ g on Intervention Intensity  
 
 




The present review consolidates the evidence base for the effects of MBIs on interoception.  
Twelve RCTs, comprising 771 adults of diverse ages and clinical profiles, contributed to pooled effect 
size data.  Across included studies, MBIs revealed an immediate and moderate to large treatment 
effect, indicating significant interoceptive improvements; a finding that was robust to publication 
bias and a one-study removed sensitivity analysis.  Too few studies reported effects at follow-up 
preventing conclusive evidence from being drawn on the maintenance of treatment effects longer-
term.  However, intervention intensity emerged as a significant predictor of post-treatment effect.  
Findings are critically reviewed in this chapter alongside implications for practice and future 
research.  
Effectiveness of MBIs  
Interoceptive Awareness 
Across six RCTs we found strong evidence that MBIs induce immediate, medium to large 
improvements in IAw.  Our findings extend the current evidence base supporting the utility of MBIs 
in alleviating symptoms of psychopathology across common psychiatric disorders, wherein previous 
meta-analyses report small (g = 0.29) to moderate (g = 0.55) treatment outcomes for RCTs relative 
to active controls and no treatment controls, respectively (Goldberg et al., 2018; Khoury et al., 
2013).  They also align with RCTs showing moderate to large treatment effects post-mindfulness 
training for self-reported IAw (Bornemann et al., 2015; Duncan et al., 2017). 
Of note, two of the examined studies did not find an effect for IAw (deJong et al., 2016; 
Mehling et al., 2018).  There are several possible explanations for this.  Firstly, as pilot studies 
evaluating feasibility of intervention delivery as opposed to efficacy of treatment effect per se, 
results likely reflect small, under-powered sample sizes (Cohen, 1992).  Alternatively, discrepant 
findings may point to variability in intervention modality.  While the majority of MBIs are 
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meditation-based (Chisea & Malinowski, 2011), Mehling and colleagues (2018) did not incorporate 
formal meditation within their program, instead embedding mindfulness within an exercise practice 
- potentially limiting the extent to which this skill was internalised and integrated into daily life (i.e., 
beyond the exercise setting).  While interventions vary in how they teach mindfulness (Chisea & 
Malinowski, 2011), a defining feature underpinning their therapeutic benefit may be sustained 
training in formal meditation practices (Kabat-Zinn, 1990; Crane et al., 2017).  Lastly, null findings 
may reflect divergent participant clinical profiles.  Studies for which an effect was not found involved 
participants with chronic pain and co-morbid depression (deJong et al., 2016) and PTSD (Mehling et 
al., 2018); populations that have shown variation in treatment outcomes, including adverse effects 
(e.g., intrusive thoughts; Lustyk et al., 2009; Lakhan & Schofield, 2013).  While neither study 
reported the presence (nor absence) of adverse effects, such aspects may have contributed to the 
wide CIs noted for these studies and would support recommendations that more complex mental 
health presentations require specialist intervention (Cloitre et al., 2011; Bower & Gilbody, 2005) . 
Sub-Facets of Interoceptive Awareness   
Compared to controls, MBI participants showed improvement on seven of the eight 
dimensions of IAw as measured by the MAIA.  No changes were evident for the Not Worrying 
subscale, indicating MBIs do not reduce the tendency to react to sensations of discomfort with 
distress, a finding mirrored elsewhere (Bornemann & Singer, 2017).  Despite this, the small effect 
found for MABT is interesting (Price et al., 2019).  As the only study utilising a body-oriented MBI, 
programs which emphasise ‘bottom-up’ processing, like MABT, may yield greater effects on the Not 
Worrying scale than programs, like MBCT, that are more heavily focused on present-state conscious 
mental activity, suggesting an avenue for future study.   
While our findings indicate MBIs cultivated the ability to sustain attention toward 
unpleasant sensations (i.e., Not Distracting) - a result congruent with prior research demonstrating a 
negative association between experiential avoidance and mindfulness (Riley, 2014) - this scale’s 
suboptimal internal consistency needs to be noted (Cronbach’s alpha = 0.53; Mehling et al. 2018).  
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As avoidant behaviours are implicated across a broad spectrum of psychopathology (Hayes et al., 
1996), and non-avoidant coping strategies lead to better mental-health outcomes (Williams et al., 
2010), further research to elucidate the role of MBIs in facilitating this coping style is warranted. 
A moderate effect found for the Noticing subscale suggests MBIs improved participants’ 
ability to notice interoceptive stimuli; a key skill taught within the mindfulness framework (Crane et 
al., 2017).  While an intuitive result, this subscale is not typically associated with practice-related 
changes (Bornemenn et al., 2015), although large differences have been found within chronic pain 
populations between those who practice mindfulness and those who do not (Mehling et al., 2012).  
Inconsistent findings on this subscale may therefore reflect methodological differences between 
studies, divergent participant populations, or differences in intervention modalities, possibly 
explaining the heterogeneity observed.  The largest benefits were associated with RCTs 
characterised by adequately powered samples (Cohen, 1992) as well as programs promoting health-
related behavioural change (i.e., MORE; Thomas et al, 2019) and interoceptive exposure (i.e., MABT; 
Price et al., 2019) for exclusively female populations.  As females report significantly higher scores on 
this scale, tending to notice bodily sensations more often than males (Grabauskaite et al., 2017), 
gender may well have been a moderating factor and may therefore represent a particular group of 
interest for the development of targeted interventions.  
We found large between-group differences for the MAIA sub-components of Self-
Regulation, Body-Listening, and Attention-Regulation, collectively described as the ‘regulatory’ 
aspects of IAw (Mehling et al., 2012).  Through mindfulness practice, participants strengthened their 
ability to deliberately focus attention on their body to regulate emotional-motivational states; a 
finding similarly echoed in qualitative (Landsman-Dijkstra et al., 2004; Morone et al., 2010) and 
longitudinal studies (Bornemann et al., 2015).  Moreover, those who had received a mindfulness 
intervention reported significantly greater increases in the extent to which they trust their 
interoceptive sensations (Trusting) in informing their emotional state (Emotional Awareness); 
together the ‘belief-related’ aspects of IAw.  Given these are key processes explicitly trained in MBIs, 
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our findings underpin a hypothesised link between mindfulness and improved attention regulation 
(Hölzel et al., 2011), non-reactivity (Shapiro et al., 2006), emotional awareness (Bishop et al., 2004) 
and, in turn, self-regulation (Baer, 2003).  As these behavioural changes play a central role in 
reducing symptoms of psychopathology and, relatedly, in improving clinical outcomes across a 
variety of mental-health conditions (Baer, 2007; Schuman-Olivier, 2020), such findings have 
important clinical implications.  That is, MBIs induce significant improvements in aspects of 
interoceptive awareness associated with positive health-related behavioural change and therefore 
represent opportunities for application to those experiencing difficulties with IAw (e.g., clinically 
anxious populations; Paulus et al., 2019).  
Interoceptive Accuracy  
The lack of an effect found for interoceptive accuracy suggests MBIs did not improve the 
precision with which internal bodily signals were detected.  Our findings parallel a previous meta-
analysis examining the influence of mindfulness on objective measures of body awareness where no 
effect was found for heartbeat-related tasks (g = 0.13, 95% CI [-0.03, 0.29]; Treves et al., 2019).  
While our lack of evidence for an effect strengthens the current evidence base suggesting increases 
in IAc are unrelated to the benefits of mindfulness (Khalsa et al., 2020; Parkin et al., 2013; Fischer et 
al., 2017; Melloni, 2013), several reasons lend caution to this conclusion.  Firstly, estimates of the 
failsafe-N indicate results are not robust to publication bias, and relatedly, our total number of 
samples (k = 4) and participants (n = 218) were modest.  Secondly, it may be that large-scale, 
longitudinal trials are required to detect such changes, should they exist (Bornemann & Singer, 
2017).  Moreover, all studies within our sample relied on heartbeat-detection tasks as a marker of 
IAc, a measure criticised for its poor construct validity, limited test-retest reliability, ability to be 
influenced by cognitive strategies, and which may not generalise to other sensory modalities (Khalsa 
et al.,2009; Brener & Ring, 2016; Khalsa et al., 2018).  As mindfulness practices do not direct 
attentional focus toward the heart specifically, but rather a diffuse array of internal stimuli, it 
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remains an open question whether MBIs promote IAc in other sensory domains (e.g. musculature or 
respiratory activity; Khalsa et al., 2018).   
Interestingly, a small effect was found for interoceptive sensibility, indicating that confidence 
improved despite no objective improvement in accuracy, which translated to a small and non-
significant effect for interoceptive coherence (i.e. the degree of correspondence between accuracy 
and sensibility scores).  Taken together, findings support the notion that mindfulness is associated 
with the subjective perception of cardiac interoceptive ability as opposed to accuracy per se (Parkin 
et al., 2014).  It follows that mindfulness training, in isolation, is not a strong candidate for 
interventions aimed at promoting IAc.   
Longer Term Effects 
Meaningful improvements were not sustained at follow-up, although the small number of 
studies contributing to this data (k = 2) prevents conclusive evidence.  Notwithstanding, our results 
correspond with previous RCTs showing diminishing post-treatment effects for mindfulness (Morone 
et al., 2016; Kearney et al., 2013) and support the belief that sustained daily practice is required for 
the benefits of mindfulness to prevail (Kabat Zinn, 1990).  To better understand the temporal 
stability of treatment effects for interoception, RCTs that assess outcomes at follow-up time-points 
are necessary.  Moreover, with research demonstrating that ‘booster’ sessions and continued self-
practice of skills taught within the formal MBI setting moderate treatment outcomes at follow up 
(Mathew et al., 2010), consideration for the individual factors contributing to continued self-practice 
of mindfulness skills (e.g., trait conscientiousness; Tang & Braver, 2020) would facilitate targeted 
application in treatment settings to those for whom mindfulness best serves longer-term. 
Intervention Intensity  
As a skill, mindfulness takes time and commitment to learn (Kabat-Zinn, 1990).  MBIs of a 
longer duration may therefore provide more opportunity to acquire skills, embed them into daily life 
and consequently lead to greater improvement in interoception.  Our meta-regression results 
support this notion.  This finding is consistent with those of earlier studies (Carmody & Baer, 2008; 
MINDFULNESS AND INTEROCEPTION   45 
Shapiro et al., 2008; Khoury et al., 2013) and offers insight to clinicians considering abbreviated MBIs 
for populations where time commitments pose a barrier; results may be compromised.  Importantly, 
our findings provide credible evidence that the substantial time commitment and effort required of 
participants in typical (i.e. 8-week long) mindfulness programs does appear to yield incremental 
benefit over less intensive programs, as appears to be the case for psychotherapy interventions 
generally (Cuijpers et al., 2013).  It is plausible this relationship is partly driven by the increased 
opportunity for participants to seek advice and discuss concerns with an experienced practitioner 
and may also explain better outcomes typically derived from therapists with more rigorous training 
(Crane et al., 2010), although self-help modalities do show promise (Cavanagh et al., 2014).  That 
said, lengthy mindfulness practices have been associated with high levels of attrition (Strohmaier, 
2020), a trend evident in our sample.  Therefore, identifying pre-existing variables, (e.g., individual 
preferences for practice style; Burke, 2012, positive beliefs about mindfulness; Langdon et al., 2011), 
that may indicate differential ability or willingness to engage in MBIs has clear therapeutic relevance 
and serves as a question for future research.  Importantly, it is acknowledged that higher doses may 
not always be universally beneficial as dose-response is unlikely to be a linear relationship (Britton; 
2019), therefore the over-arching framework of future research should consider inflection points 
(i.e., optimal verse ineffective or harmful doses; Baer et al., 2019). 
While our results contrast with Carmody and Baer (2009) who did not find a significant 
relationship between in-class hours and reductions in psychological distress, such divergence may be 
a function of what was measured.  That is, in-class hours appears to be an important moderator of 
interoceptive outcomes but less so for measures of psychological distress.   
It is plausible that other study characteristics in our sample were highly correlated with 
intensity thus confounding results, namely intervention modality, with body-scan practices 
significantly less intensive than MBSR- and MBCT-based programs.  As the number of studies fell 
short of the ten-per-co-variate criterion recommended for adequate power (Borenstein, 2009), this 
hypothesis was not able to be tested in the present study and so represents an avenue for future 
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research.  Moreover, consideration for the extent to which home practice influenced intervention 
outcomes was not considered although evidence suggests there is a small, positive association 
(Parsons et al., 2017). 
Limitations 
As is the case with meta-analyses, we were limited by the published literature.  While our 
study was strengthened by its restriction to RCTs, substantiating stronger causal claims for observed 
changes, in some cases (k = 6) the relatively small number of participants per study puts effect size 
estimates at risk for small sample bias (Sterne et al, 2000) - a concern for mindfulness-based 
research generally (Dimidjian & Segal, 2015).  Moreover homogeneity of sample demographics (i.e., 
mostly female, Caucasian participants from two high-income countries) limits the generalisability of 
results.  Notably, gender has been found to moderate outcomes in response to mindfulness, with 
women typically experiencing more favourable results (Katz & Toner, 2013) - a finding that supports 
further examination. 
Due to the scarcity of available studies, we inevitably included RCTs with varying levels of 
quality, including brief, single-session interventions which is likely to have underestimated the 
pooled effect.  The main methodological shortcomings included the inability to conduct MBI studies 
under a double-blind condition, insufficient information regarding participant drop-out, therapist 
competence, the incidence of adverse events, as well as the scarcity of actively controlled studies to 
control for nonspecific factors such as group support or therapists care – a concern repeatedly raised 
in the literature (Goldberg et al., 2017).  The evidence base would profit from future studies 
comparing MBIs against other first-line treatments to better delineate the specificity of intervention 
effects, and ultimately answer a key question facing clinicians (i.e., how do mindfulness-based 
therapies compare to other evidence-based psychotherapies?).  Unfortunately the paucity of 
published literature precluded us from being able to address this question.   Moreover, it was not 
possible to analyse variation of results between common mental-health disorders nor across control 
comparison groups (i.e., WLC, TAU, active treatments).  It is likely that MBIs may result in different 
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outcomes across dissimilar patient groups and/or control conditions (Hedman-Lagerlöf et al., 2018).  
Our inability to examine such effects is therefore recognised as a limitation on what can reliably be 
concluded. 
Lastly, validity of findings are limited by our conceptualisation of MBIs which omitted other 
forms of contemplative practices aimed at improving awareness of a mind–body connection (e.g., 
yoga, tai-chi) or those incorporating an attitudinal stance of mindfulness as part of a multi-
component program (e.g., Dialectical Behaviour Therapy; Linehan, 1993).  It remains to be 
determined whether these practices induce similar post-treatment effects to MBIs examined within 
the present study, as suggested in recent reviews highlighting the role of contemplative practices in 
improving interoception (Gibson, 2019; Farb et al., 2015).   
Conclusion 
These limitations notwithstanding, the overall pattern of findings underscores the potential 
promise of MBIs for improving several facets of impaired interoception implicated in the aetiology 
and maintenance of many mental-health disorders.  It appears that the strongest recommendation 
can be made for MBIs improving the regulatory and belief-related aspects of IAw.  The finding that 
intervention intensity significantly moderated treatment effect indicates the potential efficacy of 
more intensive programs.  However, benefits of MBIs at follow-up and on measures of interoceptive 
accuracy are less clear.  Future RCTs examining the efficacy of these approaches relative to other 
evidence-based therapies are needed in order to meaningfully inform targeted clinical applications.   
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Appendix A 
 
Table A1:  
Search Terms with Boolean Operators for PsycINFO  
 
Outcome: Interoception Intervention: Mindfulness 
Interoception.sh OR interoceptive.sh OR 
interocepti*.ti,ab OR 
Interoceptive interventions.tw OR  
physiological proces*.ti,ab OR somesthetic 
percepti*.ti,ab OR  
Sensorimotor.ti,ab OR  
viscerocept*.ti,ab OR 
Psychophysiol*.ti,ab OR 
Physiological state.ti,ab OR 
Internal state.ti,ab 
 
Mindfulness.sh OR mindful.sh OR  
mindful*.ti,ab OR  
MABT.ti,ab OR  
MBCT.ti,ab OR MBSR.ti,ab OR  
meditation.ti,ab OR  
(acceptance adj2 commitment therap*).ti,ab OR  
Mind body.ti,ab OR 
Body oriented.ti,ab OR 
Somatic psychotherap*.ti,ab OR 






Search Terms with Boolean Operators for Embase 
Outcome: Interoception Intervention: Mindfulness 
‘Interoception’/exp OR 
‘interoceptive awareness’/exp OR 
‘interoceptive exposure’/exp OR 
‘interoceptive accuracy’/exp OR 
‘interoceptive sensitivity’/exp OR 
interocepti*:ti,ab OR 
‘physiological proces*’:ti,ab OR  
‘somesthetic percepti*’:ti,ab OR  
Sensorimotor:ti,ab OR  
viscerocept*:ti,ab OR 
Psychophysiol*:ti,ab OR 
‘Physiological state’:ti,ab OR 
‘Internal state’:ti,ab 
‘Mindfulness’/exp OR ‘mindfulness 
meditiation’/exp  
mindful*:ti,ab OR  
MABT:ti,ab OR MBCT:ti,ab OR MBSR:ti,ab OR  
Meditation:ti,ab OR  
‘acceptance and commitment therap*’:ti,ab OR  
‘Mind body’:ti,ab OR 
‘Body oriented’:ti,ab OR 
‘Somatic psychotherap*’:ti,ab OR 
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Table A3: 
Search Terms with Boolean Operators for PubMed 
 
Outcome: Interoception Intervention: Mindfulness 
Interoception[mh] OR 
interocepti*[tiab] OR 
physiological proces*[tiab] OR  
somesthetic percepti*[tiab] OR  
Sensorimotor*[tiab] OR  
viscerocept*[tiab] OR 
Psychophysiol*[tiab] OR 
Physiological state[tiab] OR 
Internal state[tiab] 
 
Mindfulness[mh] OR  
Acceptance and commitment therapy[mh] OR 
Mind-body therapies[mh] 
mindful*[tiab] OR  
MABT[tiab] OR MBCT[tiab] OR MBSR[tiab] OR  
Meditation[tiab] OR  
acceptance and commitment therap*[tiab] OR  
Mind body[tiab] OR 
Body oriented[tiab] OR 
Somatic psychotherap*[tiab] OR 





Search Terms with Boolean Operators for CINAHL 
Outcome: Interoception Intervention: Mindfulness 
TI interocept* OR AB interocept* 
OR TI “body awar*” OR AB “body 
awar*” OR 
TI “physiological proces*” OR AB 
“physiological process*” OR  
TI “somesthetic percepti*” OR AB 
“somesthetic percepti*” OR  
TI viscerocept* OR AB viscerocept* OR 
TI Psychophysiol* OR AB 
Psychophysiol* OR 
TI “Physiological state” OR AB 
“Physiological state” OR 
TI “Internal state” OR AB “internal 
state” 
MH Mindfulness+ OR TI mindfulness OR AB 
mindfulness OR MH “Acceptance and commitment 
therapy” OR TI “acceptance and commitment 
therap*” OR AB “acceptance and commitment 
therap*” OR 
TI “Mind-body therap*” OR AB “mind-body 
therap*” OR  
TI mindful* OR AB mindful* OR  
TI MABT OR AB MABT OR TI MBAT OR AB MBAT OR  
TI MBCT OR AB MBCT OR TI MBSR OR AB MBSR OR  
TI Meditation OR AB Meditation OR  
TI “Mind body” OR AB “mind body” OR 
TI “body cent*” OR AB “body cent*” OR 
TI “Body oriented” OR AB “body oriented” OR 
TI “Somatic psychotherap*” OR AB “somatic 
psychotherapy*” OR 
TI “Body psychotherap*” OR AB “body 
psychotherapy*” OR “TI contemplative practice” 
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Table A5: 
Search Terms with Boolean Operators for Web of Science 
Outcome: Interoception Intervention: Mindfulness 
TS=interocep* OR 
interocepti* OR 
“physiological proces*” OR “somesthetic 
percepti*” OR “somatic awareness” OR 
“somatic perception” OR somato* OR 
Sensorimotor OR  
viscerocept* OR 
Psychophysiol* OR 




mindful* OR  
MABT OR MBCT OR MBSR OR  
meditation OR  
“acceptance and commitment therap*” OR 
“Mind body” OR 
“Body oriented” OR 
“Somatic psychotherap*” OR 
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Appendix B 
RoB 2 Scoring Criteria 
 
Domain  Low Risk Some Concerns High Risk 
1. Randomisation 
Process 
 Randomisation sequence allocation 
adequately concealed (e.g., use of a random 
number generator). 
 Intervention and control groups comparable 
(p > .05) at baseline on socio-demographics 
(age, gender, race), trait mindfulness, prior 
meditation experience etc. 
 Insufficient information about concealment 
of allocation sequence and/or baseline 
imbalances (e.g., general statement of ‘no 
baseline differences observed’ provided in 
lieu of statistical results).  
 
 Participants/investigators could have foreseen 
group assignment (e.g., assignment based on 
date of birth). 
 Baseline imbalances suggest a problem with 
the randomisation process (i.e., statistically 





 Participants/investigators unaware of 
intervention groups.  
 Adherence to treatment protocol monitored 
with no major deviations reported. 
 Intention-to-treat (ITT) analysis to estimate 
the effect of assignment to intervention. 
 Participants/investigators may have been 
aware of group assignment.  
 No information on whether there were 
deviations from intended intervention. 
 Modified ITT analysis (e.g., excluded those 
lost to follow-up). 
 No blinding.  
 Deviations from intended interventions likely 
to have affected the outcome. 
 ‘Per-protocol’ or ‘as treated’ analysis. 
3. Missing 
outcome data 
 No missing data. 
 Similar proportion/similar reasons for 
missing data across groups, unrelated to the 
study (e.g., health, family issues). 
 Insubstantial missingness (≤ 5%) or unclear 
information on proportion, and reasons for 
missingness, in compared groups. 
 High degree of missing data or differential 
missing data (i.e., different proportion 





 Standardised, validated measure of 
interoception. 
  Unlikely that outcome assessment was 
influenced by participants’ knowledge of 
intervention received. 
 Standardised, validated measure of 
interoception  
 No information provided to determine 
whether outcome assessment was 
influenced by knowledge of intervention 
received. 
 Purposely designed (non-standardised) 
measure of interoception. 
 Inconsistencies in group measurement of 
interoception within a study (e.g., at different 
time points, use of different 
measures/equipment etc) 
5. Selection of the 
reported 
results 
 A-priori data analysis plan (includes prior 
ethics approval). 
 All data reported (e.g., single standardised 
measure applied; non-adjusted pre/post 
scores compared). 
 Insufficient information to determine 
whether an a-priori data analysis plan was 
in place. 
 Possibility that reported outcomes were 
purposely selected from multiple analyses 
of the data. 
 No pre-specified data analysis plan. 
 Reported outcome data purposely selected 
from multiple analyses (e.g., adjusted pre/post 
scores compared, measurement time points 
varied between groups). 
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Appendix D 
Standardised Mean Group Differences (Hedges’ g): Grouped by Construct and Sub-Scale 
 
 
Construct Sub-scale Lead author (date) g SE Lower Upper p N I 2 τ
Awareness Self Regulation Thomas (2019) 1.703 0.323 1.069 2.337 .000 51
Mehling (2017) 1.513 0.376 0.777 2.249 .000 36
Price (2019) 1.299 0.160 0.985 1.613 .000 97
Fissler (2016) 1.291 0.253 0.794 1.788 .000 74
DeJong (2016) 0.671 0.392 -0.098 1.440 .087 26
Pooled gw 1.315 0.124 1.072 1.558 .000 284 9.790 0.091
Awareness Body Listening Thomas (2019) 1.867 0.332 1.216 2.518 .000 51
Price (2019) 1.155 0.157 0.847 1.463 .000 97
Fissler (2016) 1.097 0.247 0.612 1.581 .000 74
Mehling (2017) 1.077 0.354 0.383 1.771 .002 36
Pooled gw 1.247 0.153 0.948 1.546 .000 258 31.507 0.173
Awareness Attention Regulation Thomas (2019) 1.208 0.301 0.619 1.798 .000 51
Fissler (2016) 1.166 0.249 0.678 1.655 .000 74
Price (2019) 1.129 0.324 0.494 1.764 .000 97
Mehling (2017) 0.490 0.336 -0.168 1.148 .144 36
DeJong (2016) 0.084 0.381 -0.663 0.831 .825 26
Pooled gw 0.862 0.208 0.455 1.269 .000 284 54.329 0.341
Awareness Trusting Thomas (2019) 1.088 0.296 0.507 1.668 .000 51
Price (2019) 0.833 0.151 0.537 1.129 .000 97
Fissler (2016) 0.733 0.238 0.267 1.199 .002 74
Mehling (2017) 0.219 0.332 -0.430 0.869 .508 36
Pooled gw 0.764 0.138 0.493 1.034 .000 258 26.829 0.145
Awareness Emotional Awareness Price (2019) 0.901 0.152 0.603 1.199 .000 97
Thomas (2019) 0.799 0.287 0.236 1.361 .005 51
Mehling (2017) 0.767 0.343 0.095 1.439 .025 36
DeJong (2016) 0.511 0.388 -0.248 1.271 .187 26
Fissler (2016) 0.313 0.232 -0.141 0.766 .177 74
Pooled gw 0.701 0.124 0.458 0.943 .000 284 18.338 0.121
Awareness Noticing Thomas (2019) 1.308 0.305 0.711 1.906 .000 51
Price (2019) 0.855 0.156 0.549 1.161 .000 97
Fissler (2016) 0.364 0.232 -0.091 0.819 .117 74
Mehling (2017) 0.337 0.333 -0.315 0.990 .311 36
DeJong (2016) 0.129 0.381 -0.618 0.877 .734 26
Pooled gw 0.634 0.192 0.259 1.010 .001 284 61.860 0.329
Awareness Not Distracting DeJong (2016) 0.816 0.397 0.037 1.595 .040 26
Fissler (2016) 0.242 0.231 -0.211 0.695 .295 74
Thomas (2019) 0.240 0.277 -0.303 0.782 .386 51
Price (2019) 0.198 0.146 -0.088 0.484 .175 97
Mehling (2017) 0.166 0.331 -0.483 0.815 .616 36
Pooled gw 0.251 0.103 0.049 0.453 .015 284 0.000 0.000
Awareness Not Worrying Price (2019) 0.314 0.146 0.028 0.600 .032 97
Mehling (2017) 0.187 0.331 -0.462 0.836 .573 36
Fissler (2016) 0.088 0.230 -0.363 0.540 .701 74
Thomas (2019) 0.007 0.276 -0.533 0.548 .978 51
Pooled gw 0.207 0.107 -0.002 0.416 .052 258 0.000 0.000
Coherence Parkin (2014a) 0.436 0.314 -0.179 1.051 .164 40
Parkin (2014b) 0.244 0.220 -0.187 0.675 .267 40
Pooled gw 0.307 0.180 -0.046 0.660 .088 80 0.000 0.000
Sensibility Parkin (2014a) 0.496 0.315 -0.121 1.113 .115 40
Aaron (2020) 0.414 0.241 -0.058 0.885 .086 69
Parkin (2014b) 0.078 0.219 -0.351 0.507 .722 40
Pooled gw 0.286 0.144 0.003 0.568 .047 149 0.000 0.000
Accuracy Parkin (2014a) 0.501 0.315 -0.116 1.119 .111 40
Parkin (2014b) 0.128 0.219 -0.301 0.557 .559 40
Aaron (2020) 0.000 0.238 -0.467 0.467 1.000 69
Meyerholz (2019) 0.000 0.281 -0.551 0.551 1.000 49
Pooled gw 0.126 0.128 -0.124 0.377 .324 198 0.000 0.000
95% CI
Note:  g  = effect size (Hedges' g);  SE = standard error; 95%CI = 95% confidence interval;  p = significance value for g/gw; N = total sample 
size;   I 2  = proportion of between-studies variance;  τ = tau or estimated standard deviation of underlying effects across studies 
